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Description 

TECHNICAL FIELD 

[0001] The present invention relates generally to ve- 
hicular transmissions. More particularty, the present in- 
vention relates to vehicular transnnissions that are ca- 
pable of receiving input power from an engine as well 
as a source of stored electrical energy - either selec- 
tively or in combination. Specifically, the present inven- 
tion relates to a two-mode, compound-split, electro-me- 
chanical vehicular transmission that utilizes three inter- 
active planetary gear arrangements that are operatrvely 
connected to an engine and two motor/generators that 
may be annularty configured. The planetary gear ar- 
rangements as well as the two motor/generators are dis- 
posed coaxialiy with the planetary gear arrangements 
located radially inwardly of the motor/generators. The 
planetary gear arrangements provide two modes, or 
gear trains, that are selectively available, as by the uti- 
lization of only two torque transfer devices, to transmit 
power from the engine and/or the motor/generators to 
the output member of the transmission, depending upon 
the desired, or required, power and/or speed to be de- 
livered by the output shaft. The transmission incorpo- 
rates at least one mechanical point in its first mode of 
operation and at least two mechanical points in its sec- 
ond mode of operation. 

BACKGROUND OF THE INVENTION 

[0002] The purpose of a vehicular transmission is to 
provide a neutral, at (east one reverse and one or more 
forward driving ranges that impart power from an en- 
gine, and/or other power sources, to the drive members 
which deliver the tractive effort from the vehicle to the 
terrain over which the vehicle is being driven. As such, 
the drive members may be front wheels, rear wheels or 
a track, as required to provide the desired perfomnance. 
[0003] A series propulsion system Is a system in 
which energy follows a path from an engine to an electric 
storage device and then to an electrical motor which ap- 
plies power to rotate the drive members. There is no di- 
rect mechanical connection between the engine and the 
drive members in a series propulsion system. 
[0004] Transmissions adapted to receive the output 
power from either an engine or an electric motor, or both, 
have heretofore relied largely on what has been desig- 
nated as series, hybrid propulsion systems. Such sys- 
tems are designed with auxiliary power units (APU's) of 
relatively low power for minimum emissions and best fu- 
el economy. However, such combinations of small 
APU's and even large energy storage devices do not 
accommodate high-average power vehicles or address 
duty cycles that demand continuous, constant speed 
operation. Steep grades and sustained high -average 
cruising speeds at desired high efficiencies are not 
achievable with a typical, series, hybrid transmission 



configuration. * 

[0005] The challenge, therefore, is to provide a power 
system that will operate at high efficiencies over a wide 
variety of operating conditions. Desirable electric varia- 

5 ble transmissions should leverage the benefits of a se- 
ries, hybrid transmission for desirable low-average pow- 
er duty cycles - Le.: low speed start/stop duty cycles - 
as well as the benefits of a parallel hybrid transmission 
for high-average output power, high speed duty cycles. 

10 In a parallel arrangement the power supplied by the en- 
gine and the power supplied by the source of electrical 
energy are independently connected to the drive mem- 
bers. 

[0006] Moreover, perfecting a concept wherein two 

IS modes, or gear trains, are available for synchronous se- 
lection by the on-board computer to transmit power from 
the engine and/or the motor/generator to the output 
shaft results in a hybrid transmission having an extreme- 
ly wide range of applications. 

20 [0007] The desired beneficial results may be accom- 
plished by the use of a variable, two-mode, input-split, 
parallel, hybrid electro-mechanical transmission. Such 
a transmission utilizes an input member to receive pow- 
er from the vehicle engine and a power output member 

25 to deliver power to drive the vehicle. First and second 
motor/generators are connected to energy storage de- 
vices, such as batteries, so that the energy storage de- 
vices can accept power from, and supply power to, the 
first and second motor/generators. A control unit regu- 

30 lates power flow among the energy storage devices and 
the motor/generators as well as between the first and 
second motor/generators. 

[0008] A variable, two-mode, input-split, parallel, hy- 
brid electro-mechanical transmission also employs at 

35 least one planetary gear set. The planetary gear set has 
an inner gear member and an outer gear member, each 
of which meshingly engages a plurality of planet gear 
members. The input member is operatively connected 
to one of the gear members in the planetary gear set, 

40 and means are provided operatively to connect the pow- 
er output member to another of the gear members in the 
planetary gear set. One of the motor/generators is con- 
nected to the remaining gear member in the planetary 
gear set, and means are provided operatively to connect 

45 the other motor/generator to the output shaft. 

[0009] Operation in the first or second mode may be 
selectively achieved by using torque transfer devices. 
Heretofore, in one mode the output speed of the trans- 
mission is generally proportional to the speed of one mo- 

50 tor/generator, and in the second mode the output speed 
of the transmission is generally proportional to the 
speed of the other motor/generator. 
[0010] In some embodiments of the variable, two- 
mode, input-split, parallel, hybrid electro-mechanical 

55 transmission, a second planetary gear set is 5 em- 
ployed. In addition, some embodiments may utilize 
three torque transfer devices ~ two to select the opera- 
tional mode desired of the transmission and the third se- 
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lectively to disconnect the transmission from the engine. 
In other embodiments, all three torque transfers may be 
utilized to select the desired operational mode of the 

transmission. 

[0011] With reference, again, to a simple planetary 
gear set, the planet gear members are nomnaliy sup- 
ported for rotation on a carrier that is itself rotatable. 
When the sun gear is held stationary and power is ap- 
plied to the ring gear, the planet gear members rotate in 
response to the power applied to the ring gear and thus 
"walk" circumferentially about the fixed sun gear to ef- 
fect rotation of the carrier in the same direction as the 
direction in which the ring gear Is being rotated. 
[0012] When any two members of a simple planetary 
gear set rotate in the same direction and at the same 
speed, the third member is forced to turn at the same 
speed, and in the same direction. For example, when 
the sun gear and the ring gear rotate in the same direc- 
tion, and at the same speed, the planet gears do not 
rotate about their own axes but rather act as wedges to 
lock the entire unit together to effect what is known as 
direct drive. That is, the carrier rotates with the sun and 
ring gears. 

[0013] However, when the two gear members rotate 
in the same direction, but at different speeds, the direc- 
tion in which the third gear member rotates may often 
be determined simply by visual analysis, but in many 
situations the direction will not be obvious and can only 
be determined by knowing the number of teeth present 
in the gear members of the planetary gear set. 
[0014] Whenever the carrier is restrained from spin- 
ning freely, and power is applied to either the sun gear 
or the ring gear, the planet gear members act as idlers. 
In that way, the driven member is rotated in the opposite 
direction as the drive member. Thus, in many transmis- 
sion arrangements when the reverse drive range Is se- 
lected, a torque transfer device serving as a brake is 
actuated frictionally to engage the carrier and thereby 
restrain it against rotation so that power applied to the 
sun gear will turn the ring gear in the opposite direction. 
Thus, if the ring gear is operativety connected to the 
drive wheels of a vehicle, such an arrangement is capa- 
ble of reversing the rotational direction of the drive 
wheels, and thereby reversing the direction of the vehi- 
cle itself. 

[0015] As those skilled in the art will appreciate, a 
transmission system using a power split arrangement 
will receive power from two sources. Utilization of one 
or more planetary gear sets pennits two or more gear 
trains, or modes, by which to deliver power from the in- 
put member of the transmission to the output member 
thereof. 

[0016] As successful as variable, two-mode, input- 
split, parallel, hybrid electro-mechanical transmissions 
are, to date only one prior art patent discloses an ar- 
rangement wherein a "mechanical point" exists In the 
first mode and two mechanical points exist in the second 
mode. That arrangement is disclosed in U.S. Patent No. 



4 

5,558,589 whtoh issued on September 24, 1996, to 
General Motors Corporation. 

[0017] A mechanical point occurs when either of the 
motor/generators is stationary at any time during oper- 
5 ation of the transmission in either the first or second 
mode. The lack of a mechanical point is a drawback in- 
asmuch as the maximum mechanical efficiency in the 
transfer of power from the engine to the output occurs 
when one of the motor/generators is at a mechanical 
10 point - i.e.: stationary. In variable, two-mode, input-split, 
parallel, hybrid electro-mechanical transmissions, how- 
ever, there is typically one point in the second mode at 
which one of the motor/generators is not rotating such 
that all the engine power is transferred mechanically to 
IS the output. In the aforesaid U.S. Patent No. 5,558,589, 
there are two mechanical points in the second mode as 
well as one mechanical point in the first mode. 
[0018] However, the prior art does not teach or sug- 
gest any transmission configuration wherein the afore- 
said desirable characteristics are accomplished by an 
arrangement wherein the variable, two-mode, input- 
split, parallel, hybrid electro-mechanical transmission 
as well as the two motor/generators are coaxially dis- 
posed and the motor/generators are each configured as 
an annulus which circumscribes one or more of the plan- 
etary gear arrangements such that the planetary gear 
arrangements are disposed radially inwardly of the mo- 
tor/generators. 

[0019] Document DE 196 06 771 A, which is consid- 
ered the closest prior art, discloses a two-mode com- 
pound split hybrid electro-mechanical transmission, 
comprising: 

an input member for receiving power from a prime 
mover power source; 

an output member for delivering power from the 
transmission; 

first and second motor/generators; 
energy storage means for interchanging electrical 
power between said storage means and said first 
and second motor/generators; 
control means for regulating the electrical power in- 
terchange between said energy storage means and 
said first and second motor/generators and also for 
regulating electrical power interchange between 
said first and second motor/generators; 
three coaxially aligned planetary gear arrange- 
ments; 

each planetary gear arrangement utilizing first and 
second gear members; 

said first and second gear members of each plane- 
tary gear arrangement meshingly engaging a plu- 
rality of planet gears mounted on a carrier incorpo- 
rated in each corresponding planetary gear ar- 
rangement; 

said first and second motor/generators being coax- 
ialiy aligned with each other and with said three 
planetary gear arrangements; 
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at least one of said gear members in said first or 
second planetary gear arrangement connected to 
said first motor/generaton 

at least one of said gear members in said first or 
second planetary gear an'angement connected to 
said second motor/generator; 
means operatively to connect said carriers associ- 
ated with said first, second and third planetary gear 
arrangements to each other and to said output 
member; 

one of the gear members of said first or second 
planetary gear an'angements not connected to said 
first motor/generator being continuously connected 
to one of said gear members in said third planetary 
gear arrangement. 

SUMMARY OF THE INVEMTION 

[0020] It is, therefore, a primary object of the present 
invention to provide a novel, two-mode, compound-split, 
electro-mechanical transmission that provides the de- 
sired high efficiency sought for continuous, constant- 
speed operation as well as high-average power appli- 
cations while operating with at least one mechanical 
point in the first mode and at least two mechanical points 
in the second mode — i.e.: three mechanical points, one 
at each of three separate vehicle speeds. 
[0021] It is another object of the present invention to 
provide a novel transmission, as above, wherein the 
planetary gear arrangements and the motor/generators 
are coaxially disposed. 

[0022] It is a further object of the present invention to 
provide a novel transmission, as above, wherein the 
planetary gear arrangements are disposed radially in- 
wardly of the annularly configured motor/generators to 
minimize the envelope - i.e.: at least the circumferential 
dimension — of the transmission. 
[0023] It is stilt another object of the present Invention 
to provide a novel transmission, as above, wherein said 
operational results can be achieved with three simple 
planetary gear sets. 

[0024] It is yet another object of the present invention 
to provide a novel transmission, as above, by which said 
operational results can also be achieved by compound- 
ing two planetary gear subsets into a Ravlgneaux ar- 
rangement wherein a common ring gear is employed 
with compounded planet gears mounted on a common 
carrier to engage the separate sun gears of the two plan- 
etary gear subsets. 

[0025] It is an even further object of the present inven- 
tion to provide a novel transmission, as above, wherein 
only two torque transfer devices are required to operate 
the transmission. 

[0026] These and other objects of the invention, as 
well as the advantages thereof over existing and prior 
art forms, which will be apparent in view of the following 
detailed specification, are accomplished by means 
hereinafter described and claimed. 



6 

[0027] By way of a general introductory description, a 
two-mode, compound-split, electro-mechanical trans- 
mission embodying the concepts of the present inven- 
tion utilizes an input member for receiving power from 

5 a prime mover power source and an output member for 
delivering power from the transmission. First and sec- 
ond motor/generators are operatively connected to an 
energy storage means for interchanging electrical pow- 
er between the storage means and the first and second 

10 motor/generators. A control means is provided for reg- 
ulating the electrical power interchange between the en- 
ergy storage means and the first and second motor/gen- 
erators. The control means also regulates electrical 
power interchange between the first and second motor/ 

IS generators. 

[0028] It is particulariy important to recognize that the 
subject transmission employs three planetary gear sub- 
sets which are coaxially aligned. Each planetary gear 
arrangement utilizes first and second gear members, 

20 and each first and second gear members meshingly en- 
gage a plurality of planet gears. The first and second 
motor/generators are coaxially aligned with each other 
as well as the three planetary gear subsets which are 
circumscribed by the first and second motor/generators. 

25 [0029] At least one of the gear members in the first or 
second planetary gear subsets is connected to the first 
motor/generator At least one of the gear members in 
the first or second planetary gear subsets is connected 
to the second motor/generator. The planet gears of the 

30 first, second and third planetary gear subsets are 
mounted on carriers that are operatively connected to 
the output member One of the gear members of the first 
or second planetary gear subsets not connected to the 
first motor/generator is continuously connected to one 

35 of the gear members in the third planetary gear subset. 
The other gear member of the first or second planetary 
gear subset not connected to the first motor/generator 
is operatively connected to the input member, and that 
gear member of the third planetary gear subset not con- 

40 nectedto either the first or second planetary gear subset 
is selectively connected to ground. 
[0030] To acquaint persons skilled in the arts most 
closely related to the present invention, two alternative 
embodiments of a two-mode, compound-split, electro- 

45 mechanical transmission that illustrate two representa- 
tive structural arrangements now contemplated for 
putting the invention into practice are described herein 
by, and with reference to, the annexed drawings that 
form a part of the specification. The exemplary two- 

50 mode, compound-split, electro-mechanical transmis- 
sions are described in detail without attempting to show 
all of the various forms and modifications in which the 
invention might be embodied. As such, the embodi- 
ments shown and described herein are illustrative, and 

55 as will become apparent to those skilled in these arts 
can be modified in numerous ways within the spirit and 
scope of the Invention; the invention being measured by 
the appended claims and not by the details of the spec- 
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ification. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0031] 

FIG. 1 is a schematic representation of one pre- 
ferred fomri of a two-mode, compound-spirt, electro- 
mechanical transmission embodying the concepts 
of the present invention; 

FIG. 2 is a diagrammatic representation of the pre- 
ferred embodiment depicted in FIG. 1; 
FIG. 3 is an enlarged diagrammatic representation 
of that portion of FIG. 2 defined by the chain-line 
rectangle designated as "SEE FIG-S;" 
FIG. 4 is an enlarged diagrammatic representation 
of that portion of FIG. 2 defined by the chain-line 
rectangle designated as "SEE FIG-4;" 
FIG. 5 is a graphical representation of the rotations 
per minute (RPM) of each motor/generator as well 
as the engine relative to the speed of the vehicle in 
miles per hour (MPH) obtained by virtue of the 
transmission depicted in FIGS. 1 -4; and, 
FIG. 6 is a schematic representation of an alterna- 
tive form of a two-mode, compound-split, electro- 
mechanical transmission embodying the concepts 
of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0032] One representative form of a two-mode, com- 
pound-split, electro-mechanical transmission embody- 
ing the concepts of the present invention is designated 
generally by the numeral 10 on the accompanying draw- 
ings, and that pretended fonn of the transmission is de- 
picted In FIGS. 1 through 4, inclusive. With particular 
reference, then, to those figures, the hybrid transmis- 
sion 10 has an input member 12 that may be in the na- 
ture of a shaft which may be directly driven by an engine 
1 4, or, as shown In FIG. 2, a transient torque damper 1 6 
may be incorporated between the output shaft 1 8 of the 
engine 1 4 and the input member 1 2 of the hybrid trans- 
mission 10. An excellent example of a transient torque 
damper of the type recommended for the present usage 
is disclosed in detail in U.S. Patent No. 5,009,301 which 
issued on April 23, 1991. to General Motors Corpora- 
tion. The transient torque damper 16 may incorporate, 
or be employed in conjunction with, a torque transfer de- 
vice 20 (FIG. 1) to permit selective engagement of the 
engine 14 with the hybrid transmission 10, but It must 
be understood that the torque transfer device 20 is not 
utilized to change, or control, the mode in which the hy- 
brid transmission 1 0 operates. 

[0033] In the embodiment depicted the engine 1 4 may 
be a fossil fuel engine, such as a diesel engine which is 
readily adapted to provide its available power output de- 
livered at a constant number of revolutions per minute 
(RPM).. In the exemplary embodiment to which FIGS. 
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1-4 are directed, the engine 14 can - after start-up, and 
during the majority of its Input — operate at a constant 
speed of approximately 2000 RPM, as represented by 
curve 22 on FIG. 5. Although it must be understood that 

5 the speed and horsepower output of the engine 14 is 
not critical to the invention, for the purpose of effecting 
an absolutely clear understanding of the hybrid trans- 
mission 10, an available output of about 97 horsepower 
from engine 1 4 will be assumed for the description of an 

10 exemplary installation. Irrespective of the means by 
which the engine 14 is connected to the input member 
12 of the transmission 10, the input member 1 2 is con- 
nected to a planetary gear subset 24 in the transmission 
10. 

IS [0034] The hybrid transmission 1 0 utilizes three plan- 
etary gear subsets 24, 26 and 28. The first planetary 
gear sut>set 24 has an outer gear member 30, that may 
generally be designated as the ring gear, which circum- 
scribes an inner gear member 32, generally designated 

20 as the sun gear. A plurality of planet gear members 34 
are rotatably mounted on a carrier 36 such that each 
planet gear member 34 meshingty engages both the 
outer gear member 30 and the inner gear member 32. 
[0035] The second planetary gear subset 26 also has 

25 an outer gear member 38, generally designated as the 
ring gear, which circumscribes an inner gear member 
40, generally designated as the sun gear A plurality of 
planet gear members 42 are rotatably mounted on a car- 
rier 44 such that each planet gear 42 meshingly engag- 

30 es both the outer gear member 38 and the inner gear 
member 40. 

[0036] The third planetary gear subset 28 also has an 
outer gear member) 46, generally designated as the 
ring gear, which circumscribes an inner gear member 
35 48, generally designated as the sun gear. A plurality of 
planet gear members 50 are rotatably mounted on a car- 
rier 52 such that each planet gear 50 meshingly engag- 
es both the outer gear member 46 and the inner gear 
member 48. 

40 [0037] While all three planetary gear subsets 24, 26 
and 28 are "simple" planetary gear subsets In their own 
right, the first and second planetary gear subsets 24 and 
26 are compounded in that the inner gear member 32 
of the first planetary gear subset 24 is conjoined, as 

45 through a hub plate gear 54, to the outer gear member 
38 of the second planetary gear subset 26. The con- 
joined inner gear member 32 of the first planetary gear 
subset 24 and the outer gear member 38 of the second 
planetary gear subset 26 are continuously connected to 

50 a first motor/generator 56, as by a sleeve shaft 58. 
[0038] The planetary gear subsets 24 and 26 are fur- 
ther compounded In that the carrier 36 of the first plan- 
etary gear subset 24 is conjoined, as through a shaft 60, 
to the carrier 44 of the second planetary gear subset 26. 

55 As such, carriers 36 and 44 of the first and second plan- 
etary gear subsets 24 and 26, respectively, are con- 
joined. The shaft 60 Is also selectively connected to the 
carrier 52 of the third planetary gear subset 28, as 
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through a torque transfer device 62 which, as wili be 
hereinafter more fully explained, is employed to assist 
in the selection of the operational modes of the hybrid 
transmission 10. 

[0039] The carrier 32 of the third planetary gear sub- 
set 28 is connected directly to the transmission output 
member 64. When the hybrid transmission 1 0 is used in 
a land vehlcle, the output member 64 may be connected 
to the vehicular axles (not shown) that may, in turn, ter- 
minate in the drive members (also not shown). The drive 
members may be either front or rear wheels of the ve- 
hicle on which they are employed, or they may be the 
drive gear of a track vehicle. 

[0040] The inner gear member 40 of the second plan- 
etary gear subset 26 is connected to the inner gear 
member 48 of the third planetary gear subset 28, as 
through a sleeve shaft 66 that circumscribes shaft 60. 
The outer gear member 46 of the third planetary gear 
subset 28 is selectively connected to ground, represent- 
ed by the transmission housing 68, through a torque 
transfer device 70. Torque transfer device 70, as is also 
hereinafter explained, is also employed to assist in the 
selection of the operational modes of the hybrid trans- 
mission 10. The sleeve shaft 66 is also continuously 
connected to a second motor/generator 72. All the plan- 
etary gear subsets 24, 26 and 28 as well as the two mo- 
tor/generators 56 and 72 are coaxially oriented, as 
about the axially disposed shaft 60. It should be noted 
that both motor/generators 56 and 72 are of an annular 
configuration which permits them to circumscribe the 
three planetary gear subsets 24, 26 and 28 such that 
the planetary gear subsets 24, 26 and 28 are disposed 
radially inwardly of the motor/generators 56 and 72. This 
configuration assures that the overall envelope ~ i.e.: 
the circumferential dimension - of the transmission 1 0 
is minimized. 

[0041] As was previously herein explained in conjunc- 
tion with the description of the engine 1 4, it must simi- 
lariy be understood that the rotational speed and horse- 
power output of the first and second motor/generators 
56 and 72 are also not critical to the invention, but for 
the purpose of effecting an absolutely clear understand- 
ing of the hybrid transmission 10 a maximum speed of 
about 5000 RPM for motor/generators having a contin- 
uous rating of about 1 00 horsepower will be assumed 
for description of an exemplary device. 
[0042] As should be apparent from the foregoing de- 
scription, and with particular reference to FIGS. 1 and 
2, the transmission 10 selectively receives power from 
the engine 14. As will now be explained, the hybrid 
transmission also receives power from an electric stor- 
age device 74. The electric storage device 74 may be 
one or more batteries. Other electric storage devices 
that have the ability to store electric power and dispense 
electric power may be used in place of the batteries with- 
out altering the concepts of the present invention. As 
was explained In conjunction with the description of the 
engine 14 and the motor/generators 56 and 72, it must 
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similarly be understood that the horsepower output of 
the electrical storage device 74 is also not critical to the 
invention, but for the purpose of effecting an absolutely 
clear understanding of the hybrid transmission 10 an 
5 output of about 75 horsepower from the electrical stor- 
age device 74 will be assumed for description of an ex- 
emplary device. 

[0043] The electric storage device 74 communicates 
with an electrical control unit (ECU) 76 by transfer con- 
10 ductors 78A and 78B. The ECU 76 communicates with 
the first motor/generator 56 by transfer conductors 78C 
and 78D, and the ECU 76 similarly communicates with 
the second motor/generator 72 by transfer conductors 
78E and 78F. 

15 [0044] As apparent from the previous paragraph, a 
particular structural ) member, component or arrange- 
ment may be employed at more than one location. When 
referring generally to that type of structural member, 
component or arrangement, a common numerical des- 
ignation will be employed. However, when one of the 
structural members, components or arrangements so 
identified is to be individually identified, It will be refer- 
enced by virtue of a letter suffix employed in combina- 
tion with the numerical designation employed for gener- 
al identification of that structural member, component or 
arrangement. Thus, there are at least six transfer con- 
ductors which are generally identified by the numeral 78, 
but the specific. Individual transfer conductors are, 
therefore, identified as 78A, 78B, 78C, 78D, 78E and 
78F in the specification and on the drawings. This same 
suffix convention shall be employed throughout the 
specification. 

[0045] A drive gear 80 may be presented from the in- 
put member 12. As depicted, the drive gear 80 fixedly 
connects the input member 1 2 to the outer gear member 
30 of the first planetary gear subset 24, and the drive 
gear 80, therefore, receives power from the engine 14 
and/or the motor/generators 56 and/or 72. The drive 
gear 80 meshingly engages an idler gear 82 which, in 
turn, meshingly engages a transfer gear 84 that is se- 
cured to one end of a shaft 86. The other end of the shaft 
86 may be secured to a transmission fluid pump and/or 
PTO unit, designated either individually or collectively 
at 88. 

Operation Of The Exemplary Preferred Embodiment 
Introduction 

[0046] The operator of the vehicle has three, well- 
known, primary devices to control the transmission 10. 
One of the primary control devices is a well known drive 
range selector (not shown) that directs the ECU 76 to 
configure the transmission for either the park, reverse, 
neutral, or forward drive range. The second and third 
primary control devices constitute an accelerator pedal 
(not shown) and a brake pedal (also not shown). The 
Information obtained by the ECU 76 from these three 
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primary control sources will hereinafter be referred to as 
the "operator demand." The ECU 76 also obtains infor- 
mation from both the first and second motor/generators 
56 and 72, respectivety, the engine 14 and the electric 
storage device 84. In response to an operator's action, 
the ECU 76 determines what is required and then ma- 
nipulates the selectively operated components of the 
hybrid transmission 1 0 appropriately to respond to the 
operator demand. 

[0047] For example, in the exemplary embodiment 
shown in FIGS. 1 and 2, when the operator has selected 
a forward drive range and manipulates either the accel- 
erator pedal or the brake pedal, the ECU 76 determines 
if the vehicle should accelerate or decelerate. The ECU 
76 also monitors the state of the power sources, and 
detenmines the output of the transmission required to 
effect the desired rate of acceleration or deceleration. 
Under the direction of the ECU 76 the transmission is 
capable of providing a range of output speeds from slow 
to fast in order to meet the operator demand. 
[0048] In order to provide a full explanation as to the 
operation of a transmission embodying the concepts of 
the present invention, a description of the operational 
modes employed to achieve the output power and 
speeds necessary to meet the operator demand under 
various operating conditions will be provided with re- 
spect to the first of the preferred embodiments. As such , 
the following description describes the full power oper- 
ational states of the particular transmission identified by 
the numeral 10. Once the overall concepts as to how 
this preferred embodiment operates are understood, it 
is to be further recognized that those same concepts 
likewise apply to the single alternative embodiment, the 
structure of which is subsequently described herein. 
[0049] To reiterate, the transmission 10 is a two- 
mode, compound-split, electro-mechanical, vehicular 
transmission. In other words, the output member 64 re- 
ceives power through two distinct gear trains within the 
transmission 10. A first mode, or gear train, is selected 
when the torque transfer device 70 is actuated in order 
to "ground" the outer gear member 46 of the third plan- 
etary gear subset 28. A second mode, or gear train, is 
selected when the torque transfer device 70 is released 
and the torque transfer device 62 is simultaneously ac- 
tuated to connect the shaft 60 to the carrier 52 of the 
third planetary gear subset 28. 

[0050] Those skilled in the art will appreciate that the 
ECU 76 serves to provide a range of output speeds from 
relatively slow to relatively fast within each mode of op- 
eration. This combination of two modes with a slow to 
fast output speed range in each mode allows the trans- 
mission 10 to propel a vehicle from a stationary condi- 
tion to highway speeds while satisfying the other objects 
of the invention. Additionally, the ECU 76 coordinates 
operation of the transmission 10 so as to allow synchro- 
nized shifts between the modes. As noted, operation of 
the preferred embodiment will be described as it relates 
to full power operation inasmuch as that approach will 
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fully describe the general operational concepts. 
I. First Mode 

5 [0051] In the first mode of operation, and when the 
ECU 76 has determined that the operator desires to 
move forwardly from a stationary condition, and to ac- 
celerate, the torque transfer device 20 Is engaged op- 
eratively to connect the engine 14 to the hybrid trans- 

10 mission 10, and torque transfer device 20 remains ap- 
plied as the vehicle moves forwardly through a speed 
range hereinafter more fully described. The torque 
transfer device 62 is not applied, and it remains disen- 
gaged. In this situation, the engine 14 applies driving 

15 power to the outer gear member 30 of the first planetary 
gear subset 24 so the outer member 30 rotates in unison 
with the Input member 1 2 (and thus the engine 14). The 
firstmotor/generator56 simultaneously rotates the inner 
gear member 32 of the first planetary gear subset 24 

20 and the outer gear member 38 of the second planetary 
gear subset 26 in the same direction, thus driving the 
carrier 36 in the same direction ~ which effects rotation 
of the inner gear member 40 of the second planetary 
gear subset 24 in the opposite direction. 

25 [0052] The second motor/generator 72 operates as a 
motor during the first mode, and as such motor/gener- 
ator 72 drives sleeve shaft 66 in that direction which ro- 
tates the inner gear member 48 of the third planetary 
gear subset 28 to rotate the planet gears 50 of the third 

30 planetary gear subset 28 against the outer gear member 
46 of the third planetary gear subset 28. The outer gear 
member 46 is fixed by having been grounded so that the 
carrier 52 drives the output member 64 in that direction 
required to effect forward movement of the vehicle. 

35 [0053] That rotation of the sleeve shaft 66 effected by 
rotation of the second motor/generator 72 operating as 
a motor also rotates the inner gear member 38 of the 
second planetary gear subset 26. Because the torque 
transfer device 62 remains disengaged, the carriers 36 

^ and 44 of the first and second planetary gear subsets 
24 and 26, respectively, are freely rotatable - but only 
in unison inasmuch as the two carriers 36 and 44 are 
compounded. As a result, the rotation of the outer gear 
member 30 of the first planetary gear subset 24 effected 

45 by the engine 1 4 and the rotation of the inner gear mem- 
ber 40 effected by the second motor/generator 72 force 
the inner gear member 32 of the first planetary gear sub- 
set 24 and the conjoined outer gear member 38 of the 
second planetary gear subset 26 to drive the first motor/ 

50 generator 56 in that direction, and velocity, which caus- 
es the first motor/generator 56, at least initially, to serve 
as a generator. 

[0054] With reference to FIG. 5, curve 22 is the plot 
of the engine speed in revolutions per minute (RPM) 
55 against the speed in mites per hour (MPH) of the vehicle 
in which the engine 14 and hybrid transmission 10 are 
incorporated. For convenience, it will be noted that 
curve 22 is uninterrupted by visual plot points. Curve 90 
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is the plot of the rotational speed (RPM) of the first mo- 
tor/generator 56, also relative to the speed (MPH) of the 
vehicle. This curve may be readily distinguished by the 
fact that the plot points appear as small squares. Curve 
92 is the plot of the rotational speed (RPM) of the second 
motor/generator 72 relative to the speed (iVIPH) of the 
vehicle. This curve may be readily distinguished by the 
fact that the plot points appear as small circles. 
[0055] The first operational mode of transmission 1 0 
extends from the abscissa, which designates engine 
speed (RPM), to line 94 which Is drawn parallel to the 
abscissa and which defines the shift from operation of 
the transmission 10 In the first mode to the second 
mode. In the representative embodiment described, the 
first mode extends from the vehicle at rest to a fonvard 
speed on the order of about 21 MPH. At speeds greater 
than about 21 MPH the transmission operates in the 
second mode. 

[0056] As previously noted, the second motor/gener- 
ator operates as a motor through the entire first mode 
- i.e.: from zero to about 21 MPH. The first motor/gen- 
erator 56, however, operates as a generator until ap- 
proximately 16 MPH — represented by plot point 96 on 
curve 90 — and thereafter operates as a motor within the 
first mode. The aforesaid transition in the operation of 
the first motor/generator 56 is the result of the number 
of teeth on the various gears within the planetary gear 
subsets which cause the speeds of the two motor/gen- 
orators to reverse at various operational speeds of the 
vehicle. 

[0057] Should one wish to duplicate the results de- 
scribed herein, the outer gear members 30 and 38 in 
each of the first and second planetary gear subsets 24 
and 26 have 115 teeth, and the inner gear members 32 
and 40 In each of the first and second planetary gear 
subsets 24 and 26 have 65 teeth. The outer gear mem- 
ber 46 of the third planetary gear subset 28 has 132 
teeth, and the inner gear member 48 of the third plane- 
tary gear subset 28 has 42 teeth. With the configuration 
of the transmission 1 0 heretofore described, and with 
the aforesaid number of teeth on the inner and outer 
gear members, the transmission provides a mechanical 
point while operating in the first mode. That Is, the first 
motor/generator 56 has a zero rotational speed at about 
18 MPH, as depicted by plot point 98 on curve 90. 
[0058] To complete the description as to the operation 
of the motor/generators In the exemplary environment 
described, one must consider operation of the transmis- 
sion In the second mode of operation. 

II. Second Mode 

[0059] The transition from the first to the second mode 
of operation Is achieved by disengaging torque transfer 
device 70 and simultaneously applying torque transfer 
device 62. At the inception of the second mode of oper- 
ation, the first motor/generator 56 transitions from oper- 
ating as a motor to operating as a generator. Inasmuch 
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as the transition from operation of the transmission 10 
in the first mode to operation in the second mode occurs 
at line 94, the transition of the first motor/generator 58 
from a motor to a generator occurs at point 1 00 on curve 

5 90 -- which also delineates the intersection of the curve 
92 with line 94. The first motor/generator 56 continues 
to operate as a generator during operation of the trans- 
mission 10 In the second mode while the vehicle gains 
speed from about 21 MPH to about 25 MPH. At about 

10 25 M PH the first motor/generator 56 transitions from op- 
eration as a generator bacl< to operation as a motor. This 
transition is represented as point 102 on curve 90. The 
first motor/generator 56 continues thereafter to operate 
as a motor. 

IS [0060] At the beginning of the second mode of oper- 
ation, the second motor/generator 72 continues to op- 
erate as a motor. In fact, the second motor/generator 72 
operates as a motor until the vehicle reaches a speed 
of about 33.6 MPH, as represented at plot point 102 on 
curve 92, at which point It transitions to operation as a 
generator, and continues thereafter to operate as a gen- 
erator. 

[0061] With the configuration of the transmission 10 
heretofore described, and with the aforesaid number of 
teeth on the inner and outer gear members, the trans- 
mission 10 provides two mechanical points while oper- 
ating In the second mode. That is, the first motor/gener- 
ator 56 has a zero rotational ) speed at about 27 MPH, 
as designated by point 1 06 on curve 90. In addition, the 
second motor/generator 72 has a zero rotational speed 
at about 62 MPH, as designated by point 108 on curve 
92. Hence, the transmission 1 0 provides two mechani- 
cal points in the second mode of operation. 
[0062] It should be understood that the exact location 
of the aforesaid mechanical points is determined not on- 
ly by the number of teeth on the inner and outer gear 
members of the planetary gear subsets, but also by the 
rotational speed of the input shaft 12. Hence, with the 
number of teeth disclosed for the inner and outer gear 
members in the first of the exemplary embodiments, an 
increase In the speed of the Input shaft 12 will shift the 
locations of the mechanical points to higher vehicular 
speeds, and conversely, a reduction in the speed of the 
input member 1 2 will shift the mechanical points to lower 
vehicular speeds. 

III. Reverse Mode 

[0063] The reverse mode of operation Is effected by 
having the ECU 76 operate the second motor/generator 
72 as a motor, but reversing its rotational direction from 
the direction in which the second motor/generator 72 ro- 
tates when the vehicle begins to move forwardly from a 
stationary position in the first mode of operation. 

IV. Summation 

[0064] Atwo-mode, compound-split, electro-mechan- 
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ical transmission such as that identified by the numeral 
10, which embodies the concepts of the present inven- 
tion, provides the desired efficiency during continuous, 
constant-speed operation of the engine while providing 
a single mechanical point during operation in the first 
mode and two mechanical points during operation in the 
second mode. As represented by curve 109 on FIG. 5, 
the transmission 1 0 provides a continuously Increasing 
output speed throughout its entire operational range. 
The foregoing transmission employs three planetary 
gear subsets to provide the two-mode operation when 
operatrveiy controlled by two torque transfer devices. 
Moreover, the three planetary gear subsets 24, 26 and 
28 as well as both motor/generators 56 and 72 are co- 
axialiy disposed with the annular motor/generators 56 
and 72 circumscribing the three planetary gear subsets 
24, 26 and 28 In order to minimize the required envelope 
- i.e.: circumferential dimension of the transmission 
10. 

Alternative Embodiment 

[0065] An altemative form of a two-mode, compou nd- 
split, electro-mechanical transmission embodying the 
concepts of the present invention is designated gener- 
ally by the numeral 210 on FIG. 6 of the accompanying 
drawings. With particular reference, then, to FIG. 6, the 
hybrid transmission 210 has an input member 212 that 
is directly driven by an engine 21 4. In the altemative em- 
bodiment, as well, the engine 214 may be a fossil fuel 
engine, such as a diesel engine which is readily adapted 
to provide its available power output delivered at a con- 
stant number of revolutions per minute (RPM). in the 
altemative embodiment to which FIG. 6 is directed, the 
engine 214 can ~ after start-up, and during the majority 
of its input " operate at a constant speed of, for example, 
approximately 2000 RPM. The input shaft 212 may also 
be selectively connected to the hybrid transmission 21 0, 
but, as shown, the input member 21 2 may well be the 
output member of the engine 214. 
[0066] The hybrid transmission 210 utilizes three 
planetary gear subsets 224, 226 and 228. The first and 
second planetary gear subsets 224 and 226 are com- 
pounded as a Ravlgneaux pair. That is, the planetary 
gear subsets 224 and 226 share an outer gear member 
230, generally designated as the common ring gear, 
which circumscribes an inner gear member 232 of the 
first planetary gear subset 224 as well as an inner gear 
member 240 of the second planetary gear subset 226, 
each of which are generally designated as sun gears. 
[0067] A plurality of "long" planet gear members 234 
are rotatably mounted on a carrier 236 such that each 
long planet gear member 234 ) meshingly engages the 
common outer gear member 230 as well as a plurality 
of "short" planet gears members 242 in the first plane- 
tary gears subset 224 which are also rotatably mounted 
on the common carrier 236, The long planet gears 234 
also meshingly engage the inner gear member 240 of 
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the second planetary gear subset 226, whereas the 
short planet gears meshingly engage not only the long 
planet gears 234 but also the inner gear member 232 of 
the first planetary gear subset 224. 

5 [0068] The third planetary gear subset 228 also has 
an outer gear member 246, generally designated as the 
ring gear, which circumscribes an Inner gear member 
248, generally designated as the sun gear. A plurality of 
planet gear members 250 are rotatably mounted on a 

10 carrier 252 such that each planet gear 250 meshingly 
engages both the outer gear member 246 and the inner 
gear member 248. 

[0069] The planetary gear subsets 224, 226 and 228 
are further compounded in that the common carrier 236 

IS of the first and second planetary gear subsets 224 and 
226 are conjoined, £is through a shaft 260, to the carrier 
252 of the third planetary gear subset 228. As such , car- 
riers of all three planetary gear subsets 224, 226 and 
228, respectively - i.e.: the common carrier 236 of the 

20 first and second planetary gear subsets 224 and 226 as 
well as the carrier 252 of the third planetary gear subset 
228 are conjoined. The inner gear member 240 of the 
second planetary gear subset 226 is continuously con- 
nected to a first motor/generator 256, as by a sleeve 

25 shaft 258 which is secured to the output hub 259 of the 
first motor/generator 256. As shown, the sleeve shaft 
258 coaxially circumscribes the shaft 260. 
[0070] It will be observed that the common carrier 236 
is selectively connected to the shaft 260, as by a torque 

30 transfer device 262 which, as will be hereinafter more 
fully explained, is employed to assist in selecting the op- 
erational modes of the hybrid transmission 210. it 
should also be noted that an axial extension 264 of the 
shaft 260 may constitute the output member of the trans- 

35 mission 21 0. When the hybrid transmission 21 0 is used 
in a land vehicle the output member — in the nature of 
the axial extension 264 - may be connected to the ve- 
hicular axles (not shown) that may, in turn, terminate in 
the drive wheels (also not shown). The drive wheels may 

40 be either front or rear wheels of the vehicle on which 
they are employed, or they may be the drive gear of a 
track vehicle. 

[0071] The inner gear member 232 of the first plane- 
tary gear subset 224 is connected to the inner gear 

45 member 248 of the third planetary gear subset 228, as 
through a sleeve shaft 266 that circumscribes shaft 260 
and is disposed radially inwardly of sleeve shaft 258. 
The sleeve shaft 266 is also continuously connected to 
the output hub 271 of a second motor/generator 272. 

50 The outer gear member 246 of the third planetary gear 
subset 228 is selectively connected to ground, repre- 
sented by the transmission housing 268, through a 
torque transfer device 270. Torque transfer device 270, 
as is also hereinafter explained, is also employed to as- 

55 sist in selecting the operational modes of the hybrid 
transmission 210. 

[0072] As should be apparent from the foregoing de- 
scription, and with particular reference to FIG. 6, the 
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transmission 210 selectivety receives power from the 
engine 214. As will now be explained, the hybrid trans- 
mission also receives power from an electric storage de- 
vice 274. The electric storage device 274 may be one 
or more batteries. Other electric storage devices that s 
have the ability to store electric power and dispense 
electric power may be used in place of the batteries with- 
out altering the concepts of the present invention. As 
was explained in conjunction with the description of the 
engine 214 and the motor/generators 256 and 272, it io 
must similarly be understood that the horsepower output 
of the electrical storage device 274 is also not critical to 
the invention. 

[0073] The electric storage device 274 communicates 
with an electrical control unit (ECU) 276 by transfer con- is 
ductors 278A and 278B. The ECU 276 communicates 
with the first motor/generator 256 by transfer conductors 
278C and 278D, and the ECU 276 similarly communi- 
cates with the second 0 motor/generator 272 by transfer 
conductors 278 E and 278 R 20 
[0074] A drive gear 280 may be presented from the 
input member 212. As depicted, the drive gear 280 fix- 
edly connects the input member 21 2 to the common out- 
er gear member 230 of the conjoined first and second 
planetary gear subsets 224 and 226, and the drive gear 25 
280, therefore, receives power from theengine214and/ 
or the motor/generators 256 and/or 272. The drive gear 
280 meshingly engages an idler gear 282 which, in turn, 
meshingly engages a transfer gear 284 that is secured 
to one end of a shaft 286. The other end of the shaft 286 so 
may be secured to a transmission fluid pump and/or 
PTC unit, designated either individually or collectively 
at 288. 

Operation Of The Alternative Embodiment 35 

[0075] As in the exemplary preferred embodiment 1 0, 
the ECU 276 detemnines operation of the transmission 
210 by "operator demand," and the first and second 
modes may be a duplication of those achieved by trans- 40 
mission 10. That is, engagement of the torque transfer 
device 270 with the torque transfer device 262 remain- 
ing disengaged effects operation in the first mode. The 
simultaneous engagement of torque transfer device 262 
and disengagement of torque transfer device 270 ef- 45 
fects a transition from operation in the first mode to op- 
eration in the second mode. The alternative embodi- 
ment of transmission 21 0 also provides a mechanical 
point during operation in the first mode and two mechan- 
ical points during operation in the second mode. so 
[0076] These objectives are also achieved by a trans- 
mission that employs three planetary gear subsets 224, 
226 and 228 that are coaxlally disposed with respect to 
each other as well as with respect to both motor/gener- 
ators 256 and 272. Here, too, the motor/generators may ss 
be of annular configuration such that they circumscribe 
the three planetary gear subsets 224, 226 and 228 in 
orderto minimize the envelope - i.e.: the circumferential 
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dimension - of the transmission 210. 
Conclusion 

[0077] While only a preferred, and one altemative, 
embodiment of the present Invention are disclosed, it is 
to be understood that the concepts of the present inven- 
tion are susceptible to numerous changes apparent to 
one skilled in the art. Therefore, the scope of the present 
invention is not to be limited to the details shown and 
described but Is intended to include all variations and 
modifications which come within the scope of the ap- 
pended claims. 

[0078] As should now be apparent, the present inven- 
tion not only teaches that a transmission embodying the 
concepts of the present invention Is capable of providing 
high overall efficiency, particularly at high output 
speeds, but also that the other objects of the invention 
can likewise be accomplished. 



Claims 

1. A two-mode compound split hybrid electro-me- 
chanical transmission, comprising: 

an input member (12, 212) for receiving power 
from a prime mover power source (14, 214); 
an output member (64, 264) for delivering pow- 
er from the transmission (10, 210); 
first (56, 256) and second (72, 272) motor/gen- 
erators; 

energy storage means (74, 274) for interchang- 
ing electrical power between said storage 
means (74, 274) and said first (56, 256) and 
second (72, 272) motor/generators; 
control means (76, 276) for regulating the elec- 
trical power interchange between said energy 
storage means (74, 274) and said first (56, 256) 
and second (72, 272) motor/generators and al- 
so for regulating electrical power interchange 
between said first (56, 256) and second (72, 
272) motor/generators; 

three coaxlally aligned planetary gear arrange- 
ments (24, 26, 28, 224. 226, 228); 
each planetary gear arrangement (24, 26, 28, 
224, 226, 228) utilizing first and second gear 
members (30, 32, 38, 40, 46, 48, 230, 232, 240, 
246, 248); 

said first and second gear members (30, 32, 38, 
40, 46. 48, 230, 232, 240, 246, 248) of each 
planetary gear arrangement (24, 26, 28, 224, 
226, 228) meshingly engaging a plurality of 
planet gears (34, 42. 50. 234, 242, 250) mount- 
ed on a carrier (36, 44, 52, 236, 252) incorpo- 
rated in each corresponding planetary gear ar- 
rangement (24, 26, 28, 224, 226, 228); 
said first (56, 256) and second (72, 272) motor/ 
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generators being coaxially aligned with each 
other and with said three planetary gear ar- 
rangements (24, 26, 28, 224, 226, 228); 
at least one of said gear members (30, 32, 38, 
40, 230, 232, 240) In said first or second plan- 
etary gear an-angement (24, 26, 224, 226) con- 
nected to said first motor/generator (56, 256); 
at least one of said gear members (30, 32, 38, 
40, 230, 232, 240) In said first or second plan- 
etary gear an-angement (24, 26, 224, 226) con- 
nected to said second motor/generator (72, 
272): 

means (60, 260) operatlvety to connect said 
carriers (36. 44, 52, 236, 252) associated with 
said first, second and third planetary gear ar- 
rangements (24, 26, 28, 224, 226, 228) to each 
other and to said output member (64, 264); 
one of the gear members (40, 232) of said first 
or second planetary gear arrangements (24, 
26, 224. 226) not connected to said first motor/ 
generator (56, 256) being continuously con- 
nected to one of said gear members (48, 248) 
in said third planetary gear arrangement (28, 
228); 

the other gear member (30, 230) of said first or 
second planetary gear arrangement (24, 26, 
224, 226) not connected to said first motor/gen- 
erator being cperatlvely connected to said input 
member (12, 212); and 

said gear member (46, 246) of said third plan- 
etary gear arrangement (28, 228) not connect- 
ed to either said first or second planetary gear 
arrangement (24, 26, 224, 226) being selective- 
ly connected to ground. 

An electro-mechanical transmission, as set forth in 
claim 1 , further comprising: 

a torque transfer device (62, 262) selectively 
connecting the planet gears (50, 250) in said 
third planetary gear arrangement (28, 228) to 
said planet gears (34, 42, 234, 242) in said first 
and second planetary gear arrangements (24, 
26, 224. 226). 

An electro-mechanical transmission, as set forth in 
claim 2, wherein: 

said first (56, 256) and second (72, 272) motor/ 
generators annularly circumscribe said coaxi- 
ally disposed planetary gear arrangements (24, 
26, 28, 224, 226. 228). 

An electro-mechanical transmission, as set forth in 
claim 3, wherein: 

said planetary gear arrangements (24, 26, 28, 
224, 226, 228) are disposed radially inwardly 



of said first (56, 256) and second (72, 272) mo- 
tor/ generators. 

5. An electro-mechanical transmission, as set forth in 
5 claim 1 , wherein: 



said planet gears (34, 42, 234, 242) in said first 
and second planetary gear arrangements (24, 
26, 224, 226) are selectively connected to said 
planet gears (50, 250) in said third planetary 
gear arrangement (28, 228); 
said planet gears (50, 250) in said third plane- 
tary gear arrangement (28, 228) are continu- 
ously connected to said output member (64, 
264). 
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6. An electro-mechanical transmission, as set forth in 
claim 1 , further comprising: 

a torque transfer device (20) selectively con- 
necting said input member (12) to said engine 
(14). 

7. An electro-mechanical transmission, as set forth in 
claim 1 , further comprising: 

a single carrier (236) rotatably supporting said 
planet gears (234, 242) of said first and second 
planetary gear arrangement (224. 226); 
a torque transfer device (262) selectively con- 
necting said single carrier (236) to said output 
member (264). 

8. An electro-mechanical transmission, as set forth in 
claim 7, wherein: 

said gear member (230) in said first and second 
planetary gear arrangement (224, 226) mesh- 
ingly engaging said planet gears (234, 242) of 
said first and second planetary gear arrange- 
ment (224. 226) is a single ring gear. 

9. An electro-mechanical transmission, as set forth in 
claim 8, wherein: 

said single ring gear (230) is operatively con- 
nected to said input member (212); 
said gear members (232, 240) of said first and 
second planetary gear arrangements (224, 
226) not connected to said input member (21 2) 
being sun gears. 

10. An electro-mechanical transmission, as set forth In 
claim 9. wherein: 

said gear member (248) of said third planetary 
gear arrangement (228) not selectively con- 
nected to ground is a sun gear; 
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said sun gear (232) in said first planetary gear 
arrangement (224) is continuously connected 
to said sun gear (240) in said second planetary 
gear an-angement (226). 

5 

11. An eiectro-mechanical transmission, as set forth in 
claim 1 , wherein each of said three planetary gear 
arrangements (24, 26, 28) is a simple planetary 
gear set having a ring gear (30, 38, 46), a sun gear 
(32, 40. 48) and a planet carrier assembly (36. 44, io 
52) rotatably supporting a plurality of planet gears 
(34, 42, 50). 

12. An electro-mechanical transmission, as set forth In 
claim 1 1 , further comprising: 15 

said ring gear (30) of said first planetary gear 
set (24) being operatively connected with said 
input member (12); 

said ring gear (38) of said second planetary 20 
gear set (26) being operatively connected with 
said first motor/generator (56) and said sun 
gear (32) of said first planetary gear set (24); 
said sun gear (40) of the said second planetary 
gear set (26) being continuously connected to 25 
said second motor/generator (72) as well as 
said sun gear (48) of said third planetary gear 
set (28); 

said ring gear (46) of said third planetary gear 
set (28) being selectively connected to ground; so 
said planet carrier assembly (36) of said first 
planetary gear set (24) being continuously con- 
nected with said planet carrier assembly (44) of 
said second planetary gear set (26); 
said planet carrier assembly (44) of said sec- 35 
ond planetary gear set (26) being selectively 
connectable with said planet carrier assembly 
(52) of said third planetary gear set (28); and 
said planet carrier assembly (52) of said third 
planetary gear set (28) being continuously con- 40 
nected to said output member (64). 

13. An electro-mechanical transmission, as set forth in 
claim 7, further comprising: 

45 

said ring gear (230) of said first planetary gear 
set (224) being operatively connected with said 
input member (212); 

said sun gear (248) of said third planetary gear 
set (228) being operatively connected with said so 
second motor/generator (272) and said sun 
gear (232) of said first planetary gear set (224); 
said sun gear (240) of the said second plane- 
tary gear set (226) being continuously connect- 
ed to said first motor/generator (256); ss 
said gear member (246) of said third planetary 
gear set (228) being a ring gear and being se- 
lectively connectable to ground; 



said planet carrier assembly (236) of said first 
planetary gear set (224) being continuously 
connected with said planet carrier assembly 
(236) of said second planetary gear set (226); 
said planet carrier assembly (236) of said sec- 
ond planetary gear set (226) being selectively 
connectable with said planet carrier assembly 
(252) of said third planetary gear set (228); and 
said planet carrier assembly (252) of said third 
planetary gear set (228) being continuously 
connected to said output member (264). 



PatentansprOche 

1 . Elektromechanlsches Compound-Split-Hybridge- 
triebe mit zwei Betriebsarten, umfassend: 

ein Antriebselement (12, 212) zur Aufnahme 
von Leistung von einer Antriebsmaschinen-Lei- 
stungsquelle (14, 214); 

ein Abtriebselement (64, 264) zum Abgeben 
von Leistung von dem Getriebe (10, 210); 
einen ersten (56, 256) und einen zweiten (72, 
272) Motor/ Generator; 

ein Energiespeichermittel (74, 274) zum Aus- 
tauschen elektrischer Leistung zwischen dem 
Speichermittel (74, 274) und dem ersten (56, 
256) und dem zweiten (72, 272) Motor/Gene- 
rator; 

ein Steuermittel (76, 276) zum Regein des elek- 
trischen Leistungsaustauschs zwischen dem 
Energiespeichermittel (74, 274) und dem er- 
sten (56, 256) und dem zweiten (72, 272) Mo- 
tor/Generator und auch zum Regein des elek- 
trischen Leistungsaustauschs zwischen dem 
ersten (56, 256) und dem zweiten (72, 272) Mo- 
tor/ Generator; 

drei koaxial ausgerichtete Planetenradanord- 
nungen (24, 26, 28, 224, 226, 228); 
wobei jede Planetenradanordnung (24, 26, 28, 
224, 226, 228) erste und zweite Zahnradele- 
mente (30, 32, 38, 40, 46, 48, 230, 232, 240, 
246, 248) verwendet; 

wobei die ersten und zweiten Zahnradelemen- 
te (30, 32, 38, 40, 46, 48. 230, 232. 240, 246, 
248) jeder Planetenradanordnung (24, 26, 28, 
224, 226, 228) kammend mit einer Vielzahl von 
Planetenradern (34, 42. 50, 234, 242, 250) in 
Eingriff stehen, die an einemTrager(36, 44, 52, 
236, 252) montiert sind, der in jeder entspre- 
chenden Planetenradanordnung (24, 26, 28, 
224, 226, 228) eingebaut ist; 
wobei der erste (56, 256) und der zweite (72, 
272) Motor/ Generator koaxial miteinander und 
mit den drei Planetenradanordnungen (24, 26, 
28, 224, 226, 228) ausgerichtet sind; 
wobei zumindest eines der Zahnradelemente 
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(30, 32, 38, 40, 230, 232. 240) in der ersten 
Oder der zweften Planetenradanordnung (24, 
26, 224, 226) mit dem ersten Motor/Generator 
(56, 256) verbunden ist; 

zumindest eines der Zahnradelemente (30, 32, 5 
38, 40, 230, 232, 240) in der ersten oder der 
zweiten Planetenradanordnung (24, 26, 224, 
226) mit dem zweiten Motor/Generator (72. 
272) verfounden ist; 

ein iy^ittei (60, 260), das dazu dient, die Trager io 
(36, 44, 52, 236, 252), die zu der ersten, der 
zweiten und der dritten Planetenradanordnung 
(24. 26, 28. 224. 226, 228) gehoren, miteinan- 
der und mit dem Abtriebseiement (64. 264) zu 
verbinden; is 
wobei eines der Zahnradelemente (40, 232) 
der ersten oder der zweiten Planetenradanord- 
nung (24, 26, 224, 226). das nicht mit dem er- 
sten Motor/Generator (56, 256) verbunden ist. 
l<ontlnuierlich mit einem der Zahnradelemente 20 
(48, 248) in der dritten Planetenradanordnung 
(28, 228) verbunden ist; 
das andere Zahnradelement (30, 230) der er- 
sten Oder der zweiten Planetenradanordnung 
(24, 26, 224, 226), das nicht mit dem ersten Mo- 25 
tor/ Generator verbunden Ist, wirksam mit dem 
Antriebselement (12, 212) verbunden ist; und 
das Zahnradelement (46, 246) der dritten Pla- 
netenradanordnung (28, 228), das nicht mit der 
ersten oder der zweiten Planetenradanord- so 
nung (24, 26, 224, 226) verbunden ist, selektiv 
mit Fahrzeugmasse verbunden ist. 

Elektromechanisches Getriebe nach Anspruch 1, 
ferner umfassend; 35 

eine Drehmomentubertragungseinrichtung 
(62, 262), die selektiv die Planetenrader (50, 
250) in der dritten Planetenradanordnung (28, 
228) mit den Planetenradern (34. 42. 234, 242) 40 
in der ersten und der zweiten Planetenradan- 
ordnung (24, 26, 224, 226) verbtndet. 

Elektromechanisches Getriebe nach Anspruch 2, 
wobei: 45 

der erste (56. 256) und derzweite (72, 272) Mo- 
tor/Generator kreisringformig die koaxial ange- 
ordneten Planetenradanordnungen (24, 26, 28, 
224, 226, 228) umgeben. so 



8. 
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Elektromechanisches Getriebe nach Anspruch 1, 
wobei: 

die Planetenrader (34. 42, 234, 242) in der er- 
sten und der zweiten Planetenradanordnung 
(24, 26. 224, 226) selektiv mit den Planetenra- 
dem (50, 250) in der dritten Planetenradanord- 
nung (28. 228) verbunden sind; 
die Planetenrdder (50, 250) In der dritten Pla- 
netenradanordnung (28, 228) kontlnuierilch mit 
dem Abtriebseiement (64, 264) verbunden 
sind. 

Elektromechanisches Getriebe nach Anspruch 1, 
ferner umfassend: 

eine Drehmomentubertragungseinrichtu ng 
(20), die selektiv das Antriebselement (12) mit 
dem IViotor (14) verbindet. 

Elektromechanisches Getriebe nach Anspruch 1, 
ferner umfassend: 

einen einzigen Trager (236). der die Planeten- 
rader (234, 242) der ersten und der zweiten 
Planetenradanordnung (224, 226) drehbar la- 
gert; und 

eine Drehmomentubertragungseinrichtung 
(262), die den einzigen Trager (236) seiektiv 
mit dem Abtriebseiement (264) verbindet. 

Elektromechanisches Getriebe nach Anspruch 7, 
wobei: 

das Zahnradelement (230) in der ersten und 
der zweiten Planetenradanordnung (224. 226), 
das kammend mit den Planetenradern (234, 
242) der ersten und der zweiten Planeten- 
radanordnung (224, 226) in Eingriff steht. ein 
einziges Hohlrad ist. 

Elektromechanisches Getriebe nach Anspruch 8, 
wobei: 

das einzige Hohlrad (230) wirksam mit dem An- 
triebselement (212) verbunden ist; und 
die Zahnradelemente (232. 240) der ersten und 
der zweiten Planetenradanordnung (224, 226), 
die nicht mit dem Antriebselement (212) ver- 
bunden sind, Sonnenrader sind. 



Elektromechanisches Getriebe nach Anspruch 3, 
wobei: 



10. Elektromechanisches Getriebe nach Anspruch 9, 
wobei: 



die Planetenradanordnungen (24, 26, 28, 224, 
226, 228) radial innen in Bezug auf den ersten 
(56, 256) und den zweiten (72, 272) IVIotor/Ge- 
nerator angeordnet sind. 



55 



das Zahnradelement (248) der dritten Plane- 
tenradanordnung (228). das nicht selektiv mit 
Fahrzeugmasse verisunden ist, ein Sonnenrad 
ist; und 
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25 

das Sonnenrad (232) in der ersten Planeten- 
radanordnung (224) kontinuiertich mit dem 
Sonnenrad (240) in der zweiten Planeten- 
radanordnung (226) verbunden ist. 

5 

11. Elektromechanisches Getriebe nach Anspruch 1. 
wobei jede der drei Planetenradanordnungen (24, 
26, 28) ein einfacher Planetenradsatz mit einem 
Hohlrad (30. 38, 46), einem Sonnenrad (32, 40, 48) 
und einer eine Vielzalii von Planetenradem (34, 42. io 
50) drehbar lagemden Planetentrageranordnung 
(36, 44, 52) ist. 

12. Elektromeclianisches Getriebe nach Anspruch 11, 
ferner umfassend: is 

dass das IHohlrad (30) des ersten Planetenrad- 
satzes (24) wirksam mit dem Antriebselement 
(12) verbunden ist; 

das Hohlrad (38) des zweiten Planetenradsat- 20 
zes (26) wirksam mit dem ersten Motor/Gene- 
rator (56) und dem Sonnenrad (32) des ersten 
Planetenradsatzes (24) verbunden ist; 
das Sonnenrad (40) des zweiten Planetenrad- 
satzes (26) kontinuieriich mit dem zweiten Mo- 25 
tor/ Generator (72) sowie mit dem Sonnenrad 
(48) des dritten Planetenradsatzes (28) ver- 
bunden ist; 

das Hohlrad (46) des dritten Planetenradsatzes 
(28) selektiv mit Fahrzeugmasse verbunden so 
ist; 

die Planetentrageranordnung (36) des ersten 
Planetenradsatzes (24) kontinuieriich mit der 
Planetentrageranordnung (44) des zweiten 
Planetenradsatzes (26) verbunden ist; 35 
die Planetentrageranordnung (44) des zweiten 
Planetenradsatzes (26) selektiv mit der Plane- 
tentrageranordnung (52) des dritten Planeten- 
radsatzes (28) verbindbar ist; und 
die Planetentrageranordnung (52) des dritten 40 
Planetenradsatzes (28) kontinuieriich mit dem 
Abtriebselement (64) verbunden ist. 

13. Elektromechanisches Getriebe nach Anspruch 7, 
ferner umfassend: 4S 

dass das Hohlrad (230) des ersten Planeten- 
radsatzes (242) wirksam mit dem Antriebsele- 
ment (212) verbunden ist; 

das Sonnenrad (248) des dritten Planetenrad- so 
satzes (228) wirksam mit dem zweiten Motor/ 
Generator (272) und dem Sonnenrad (232) des 
ersten Planetenradsatzes (224) verbunden ist; 
das Sonnenrad (240) des zweiten Planetenrad- 
satzes (226) kontinuieriich mit dem ersten Mo- ss 
tor/ Generator (256) verbunden Ist; 
das Zahnradelement (246) des dritten Plane- 
tenradsatzes (228) ein Hohlrad ist und selektiv 



mit Fahrzeugmasse verbindbar ist; 
die Planetentrageranordnung (236) des ersten 
Planetenradsatzes (224) kontinuieriich mit der 
Planetentrageranordnung (236) des zweiten 
Planetenradsatzes (226) verbunden ist; 
die Planetentrageranordnung (236) des zwei- 
ten Planetenradsatzes (226) selektiv mit der 
Planetentrageranordnung (252) des dritten 
Planetenradsatzes (228) verbindbar ist; und 
die Planetentrageranordnung (252) des dritten 
Planetenradsatzes (228) kontinuieriich mit dem 
Abtriebselement (264) verbunden ist. 



Revendications 

1. Transmission 6lectrom^anique hybride d compo- 
sition de rapport bi mode, comprenant : 

un Element d'entr6e (12, 212) destin6 k rece- 
voir la puissance provenant d'une premiere 
source de puissance motrice (14, 214) ; 
un Element de sortie (64, 264) destine k d^livrer 
la puissance provenant de la transmission (1 0, 
210); 

un premier (56, 256) et un second (72, 272) mo- 
teur/g§n§rateur ; 

un moyen de stockage d'6nergie (74, 274) des- 
tine k ^changer la puissance electrique entre 
ledit moyen de stockage (74, 274) et lesdits 
premier (56, 256) et second (72, 272) moteurs/ 
g^n^rateurs ; 

un moyen de controle (76, 276) destin6 a r§gu- 
ler ['^change de puissance Electrique entre le- 
dit moyen de stockage d'6nergie (74,274) et 
lesdits premier (56, 256) et second (72, 272) 
moteurs/g6n6rateurs, et egalement destine k 
rdguler r^hange de puissance Electrique en- 
tre ledit premier (56, 256) et ledit second (72, 
272) moteur/gEnErateur ; 
trois agencements d'engrenages planetaires 
alignEs de maniEre coaxiale (24, 26, 28, 224, 
226. 228) ; 

chaque agencement d'engrenage planetaire 
(24, 26, 28, 224, 226, 228) utilisant un premier 
et un second Element d'engrenage (30, 32, 38, 
40. 46. 48. 230, 232, 240, 246. 248) ; 
tesdits premier et second Elements d'engrena- 
ges (30, 32, 38, 40, 46, 48. 230, 232. 240, 246, 
248) de chaque agencement d'engrenage pla- 
nEtaire (24, 26, 28, 224, 226, 228) s'engageant 
de maniEre k se mettre en prise avec une plu- 
rality de satellites (34. 42, 50, 234, 242. 250) 
months sur un porte-satellites (36, 44, 52, 236, 
252) IncorporE dans chaque agencement d'en- 
grenage plan6taire (24, 26, 28, 224, 226, 228) 
correspondant ; 

lesdits premier (56, 256) et second (72, 272) 



20 



25 



30 



35 



40 



14 



I 



27 



EP 0 967 102 B1 



28 



moteurs/gdndrateurs 6tant align^s de mani&re 
coaxiale Tun avec I'autre et avec lesdits trois 
agencements d*engrenages planStaires (24. 
26, 28. 224. 226. 228) ; 

au morns un desdits 6l6ments d'engrenages 5 
(30, 32. 38. 40. 230. 232. 240) dans ledit pre- 
mier ou deuxi^me agencement d'engrenage 
plan^taire (24, 26, 224, 226) raccorde audit 
premier moteur/gSn^rateur (56, 256) ; 
au moins un desdits 616ments d'engrenages io 
(30. 32, 38. 40. 230. 232, 240) dans ledit pre- 
mier ou deuxi^me agencement d'engrenage 
plan^taire (24, 26, 224, 226) racx^orde audit se- 
cond moteur/generateur (72, 272) ; 
un moyen (60, 260) pour connecter de mani^re is 
fonctionnelle lesdits porte-satellites (36, 44, 52, 
236, 252) associSs avec lesdits premier, 
deuxi^e et troisi&me agencements d'engre- 
nages pian^taires (24, 26, 28, 224, 226, 228) 
les uns avec les autres et avec ledit ^l^ment de 20 
sortie (64. 264) ; 

un des ^l^ments d'engrenage (40, 232) desdits 
premier ou deuxi^me agencement d'engrena- 
ge planStaire (24, 26, 224, 226) non raccord6 
audit premier moteur/g^ndrateur (56, 256) 25 
6tant raccord^ de manidre continue k I'un des- 
dits 6l6ments d'engrenages (48, 248) dans ledit 
troisi^me agencement d'engrenage plan^talre 
(28, 228) ; 

I'autre ^l^ment d'engrenage (30, 230) desdits so 
premier ou deuxi^me agencement d'engrena- 
ge plan^taire (24, 26, 224, 226) non raccordS 
audit premier moteur/g^n^rateur (256) etant 
raccord6 de mani6re fonctionnelle audit Ele- 
ment d'entr^e (12, 212) ; et 35 
ledit 6l6ment d'engrenage (46, 246) dudit troi- 
si^me agencement d'engrenage plan6taire 
(28, 228) non raccord^ k I'un desdits premier 
ou deuxidme agencement d'engrenage pland- 
taire (24, 26, 224, 226) Stan! raccordd, de ma- 40 
ni&re selective, k la masse. 

Transmission electrom^canique selon la revendi- 
cation 1 , comprenant en outre : 

45 

un dispositif de transfert de couple (62, 262) 
raccordant, de mani&re selective, les satellites 
(50. 250) dans ledit troisi&me agencement 
d'engrenage plan6taire (28, 228) auxdlts satel- 
lites (34, 42, 234, 242) dans lesdits premier et so 
deuxi^me agencements d'engrenages plan6- 
taires (24. 26, 224, 226). 

Transmission 6lectrom6canique selon la revendi- 
cation 2, dans laquelle : 55 



re annulaire lesdits agencements d'engrena- 
ges planStaires (24, 26. 28, 224, 226. 228) dis- 
pose de manifere coaxiale. 

4. Transmission dlectrom^canique selon la revendi- 
cation 3, dans laquelle : 

lesdits agencements d'engrenages plan6taires 
(24, 26, 28, 224. 226. 228) sent disposes de 
mani6re radiale vers rint6r1eur desdits premier 
(56, 256) et second (72. 272) moteurs/g6n6ra- 
teurs. 

5. Transmission electromecanique selon la revendt- 
cation 1 , dans laquelle : 

lesdits satellites (34. 42. 234. 242) dans lesdits 
premier et deuxidme agencements d'engrena- 
ges plan6taires (24, 26, 224, 226) sont raccor- 
d^s, de man id re selective, auxdits satellites 
(50, 250) dans ledit troisieme agencement 
d'engrenage plandtaire (28, 228) ; 
lesdits satellites (50, 250) dans ledit troisieme 
agencement d'engrenage planStaire (28, 228) 
sont raccord^s de mani^re continue audit 414- 
ment de sortie (64, 264). 

6. Transmission Electromecanique selon la revendi- 
cation 1 , comprenant en outre : 

un dispositif de transfert de couple (20) raccor- 
dant, de mani§re selective, ledit 6l§ment d'en- 
Xr6e (12) audit moteur (14). 

7. Transmission 6lectrom6canique selon la revendi- 
cation 1 . comprenant en outre : 

un porte-satellites unique (236) supportant. de 
manidre k pouvoir tourner, lesdits satellites 
(234, 242) desdits premier et deuxidme agen- 
cements d'engrenages plandtaires (224, 226) ; 
un dispositif de transfert de couple (262) rac- 
cordant, de manidre selective, ledit porte-satel- 
lites unique (236) audit 6l6ment de sortie (264). 

8. Transmission Electromecanique selon la revendi- 
catlon 7. dans laquelle : 

ledit Element d'engrenage (230) dans lesdits 
premier et deuxlEme agencements d'engrena- 
ges planEtaires (224, 226), s'engageant de ma- 
nr&re k venir en prise avec lesdits satellites 
(234, 242) desdits premier et deuxlEme agen- 
cements d'engrenages piandtalres (224, 226), 
est une couronne unique. 



lesdits premier (56, 256) et second (72, 272) 9. Transmission 6lectrom6canlque selon la revendi- 

moteurs/gEnErateurs circonscrivent de maniE- cation 8. dans laquelle : 
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ladite couronne unique (230) est raccordSe de 
mani^re fonctionneile audit dISnnent d*entr6e 
(212); 

lesdits 6l6ments d'engrenages (232, 240) des- 
dits premier et deuxifeme agencements d'en- 5 
grenages plan^taires (224, 226) non raccord^s 
audit Element d'entree (212) sont des planetai- 
res. 

10. Transmission 61ectrom6canlque selon la revendi- io 
cation 9, dans laquelle : 

(edit element d'engrenage (248) dudit trolsi^me 
agencement d'engrenage plan^taire (228) non 
raccorde, de maniere selective. & la masse est 
un plan^taire ; 

fedit plan6taire (232) dans ledit premier agen- 
cement d'engrenage planetaire (224) est rac- 
cord6 de maniere continue audit planetaire 
(240) dans ledit deuxi^me agencement d'en- 20 
grenage planetaire (226). 

11. Transmission ^lectromecanique selon la revendi- 
cation 1 , dans laquelle chacun desdits trois agen- 
cements d'engrenages plan^taires (24, 26, 28) est 25 
un engrenage planetaire unique comportant une 
couronne (30, 38, 46), un planetaire (32, 40, 48), et 

un ensemble porte-sateliites (36, 44, 52) suppor- 
tant, de maniere k pouvoirtoumer, une plurality de 
satellites (34, 42, 50). 30 

12. Transmission eiectromecanique selon la revendi- 
cation 1 1 , comprenant en outre : 

ladite couronne (30) dudIt premier train plane- 35 
taire (24) raccordee, de maniere fonctionneile, 
avec ledit element d'entree (12) ; 
ladite couronne (38) dudit deuxieme train pla- 
netaire (26) raccordee, de maniere fonctionnei- 
le, avec ledit premier moteur/generateur (56) et 40 
ledit planetaire (32) dudit premier train plane- 
taire (24) ; 

ledit planetaire (40) dudit deuxieme train plane- 
taire (26) raccorde, de maniere continue, audit 
second moteur generateur (72) comme egale- 
ment audit planetaire (48) dudit trolsieme train 
planetaire (28) ; 

ladite couronne (46) dudit troisieme train pla- 
netaire (28) raccordee, de maniere selective, k 
ta masse ; so 
ledit ensemble porte-satellites (36) dudit pre- 
mier train planetaire (24) raccorde, de maniere 
continue, avec ledit ensemble porte-satellltes 
(44) dudit deuxieme train planetaire (26) ; 
ledit ensemble porte-satellites (44) dudit ss 
deuxieme train planetaire (26) pouvant §tre 
raccorde, de maniere selective, avec ledit en- 
semble porte-satellites (52) dudit troisieme 
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train planetaire (28) ; et 
ledit ensemble porte-satellites (52) dudit troi- 
sieme train planetaire (28) raccorde, de manie- 
re continue, audit element de sortie (64). 

13. Transmission eiectromecanique selon la revendi- 
cation 7, comprenant en outre : 

ladite couronne (230) dudit premier train plane- 
taire (224) raccordee, de manidre fonctionnei- 
le, avec ledit element d'entr6e (212) ; 
ledit planetaire (248) dudit troisieme train pla- 
netaire (228) raccorde, de maniere fonctionnei- 
le, avec ledit second moteur/generateur (272) 
et ledit planetaire (232) dudit premier train pla- 
netaire (224) ; 

ledit planetaire (240) dudit deuxieme train pla- 
netaire (226) raccorde, de maniere continue, 
audit premier moteur generateur (256) ; 
ledit element d'engrenage (246) dudit troisieme 
train planetaire (228) etant une couronne, et 
pouvant dtre raccorde, de maniere selective, k 
la masse ; 

ledit ensemble porte-satellites (236) dudit pre- 
mier train planetaire (224) raccorde, de manie- 
re continue, avec ledit ensemble porte-satelli- 
tes (236) dudit deuxieme train planetaire (226) ; 
ledit ensemble porte-satellites (236) dudit 
deuxieme train planetaire (226) pouvant etre 
raccorde, de maniere selective, avec ledit en- 
semble porte-satellites (252) dudit troisieme 
train planetaire (228) ; et 
ledit ensemble porte-satellltes (252) dudit troi- 
sieme train planetaire (228) raccorde, de ma- 
niere continue, audit element de sortie (264). 
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